1 This paper defines neglected diseases broadly to refer to malaria, TB, dengue fever, treponematoses, leptospirosis, strongyloidiasis, food-borne trematodiases, neurocysticercosis, scabies, thirteen parasitic and bacterial infections, three soil-transmitted helminth infections (ascariasis, hookworm, and trichuriasis), lymphatic filariasis, leishmaniasis, Buruli ulcer, leprosy, and trachoma.
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Introduction
Clinical trials are foundational to public health and medical innovation. They provide the evidentiary basis for the diagnosis, treatment, and prevention of disease.
This role is particularly important in the case of neglected diseases. 1 Much remains unknown about the biology of many of these diseases. The genetic characteristics of the populations and socioeconomic settings in which these diseases are endemic can differ in substantial ways from those encountered in the developed world. The treatments, diagnostics, and preventive interventions currently in the product pipeline will be, for many neglected diseases, the first new tools in a generation and, for others, they will be simply the first. Clinical trials will be the means by which these innovative interventions are developed and the basis for the regulatory approval that they require before these products can be licensed and distributed to patients.
There are, however, factors that significantly increase the risk, delays, and cost of these clinical trials. Some are problematic for clinical trials generally. Others are particular to product development clinical trials for neglected diseases in disease-endemic countries.
Challenges in the clinical development of drugs and vaccines
Clinical trials, for the development of drugs and vaccines in particular, have become increasingly time-consuming and expensive. The process typically lasts between 10 and 14 years. Per subject costs can be as high as $30,000. Clinical trial costs account for as much as 70% of the total cost of developing a product [1] . While costs have increased, the productivity of product development clinical trials has steadily eroded [2] . Between 1991 and 2003, the costs of clinical development increased 7% per year after adjusting for inflation, while there was a 34% reduction in the number of new drugs approved in same time period [3, 4] . Most biopharmaceutical research and development (R&D) projects fail, with the candidate medicine never making it to market. For every 100 drugs for which an Investigational New Drug (IND) application is submitted to the U.S. Food and Drug Administration (FDA), 70 will successfully complete Phase I clinical testing, 33 will successfully complete phase II clinical testing and proceed to phase III, and, of those, only 20 will be approved for marketing [5] . The success rates for clinical development of vaccines are usually even lower.
There are at least four reasons for the increased cost and decreased productivity of clinical development. First, clinical trials have become more complicated and costly, in part because the products and outcomes they are designed to evaluate are more complex. A large and growing proportion of investigational treatments target biologically complex chronic illnesses that require longer periods to effectively measure end points [6] . Further, protocols for new biologics have more stringent eligibility requirements and necessitate more elaborate monitoring methods, such as diagnostic assessment of biomarkers, to evaluate safety and efficacy. It is now usually necessary to conduct more than one phase III trial.
Second, changes in clinical trial regulation have contributed to the growth of clinical trial duration and cost [7] . Regulation of clinical trials is essential for ensuring the safety, well-being, and rights of clinical trial subjects and the validity of clinical data. However, since 1962, when the FDA and other national regulators began regulating the clinical development process, those regulations have tended to accrue, with new regulations adopted in response to specific scandals [2] . Over time, these regulations have accumulated, layering on top of one another, with relatively little subsequent streamlining to address scientific advances [8, 9] .
An example of this dynamic is clinical trial data monitoring and record keeping. These tools are important for protecting the rights and well-being of subjects and preventing clinical trial fraud. However, national and international requirements for data monitoring and record keeping have increased in complexity in response to episodes of clinical trial data fraud [2] . These requirements now frequently comprise a third to two-thirds of total clinical trial cost [3] .
Another example is the Institutional review board (IRB) system. IRBs are an important innovation that helps protect subjects and ensure adherence with national and international standards for biomedical ethics. 2 Over the years, however, the number of IRBs has greatly proliferated and their role has substantially expanded. IRBs once simply reviewed whether clinical testing met ethical standards; today, IRBs examine trial protocols to ensure written consent forms are sufficiently simple and clear, monitor the progress of testing, and maintain substantial records of activities. IRBs must meet in person and devote substantial time to their responsibilities. Each IRB imposes its own ethical standards, consistent with its mandate to protect local community standards. Regional and national review IRB processes are typically additional, rather than substitutes for local institutional review [7] . With trials now often involving multiple, sometimes dozens and hundreds of sites, the costs and time imposed by the IRB system can be substantial.
Third, clinical studies are increasingly being conducted on a multi-country and multi-regional basis. This is done to support regulatory approval decisions in target markets and to tap larger pools of treatment naïve potential subjects. Regulatory barriers make conducting those global studies with a single clinical trial protocol difficult [11] . The International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) developed good clinical practice guidelines (ICH-GCP) for the design, conduct, recording, and reporting of trials. These guidelines are now the global standard of how trials are run and a legal requirement in many countries. 3 ICH-GCP, however, leaves significant space for interpretation. Accordingly, many countries' regulations are based on ICH-GCP, but retain significant differences in their requirements.
Fourth, and finally, commercial practices, adopted to improve the speed and regulatory compliance of new product development trials, have transformed clinical trial practices generally, increasing their cost and complexity. A successful trial completed rapidly in patients with a common condition can lead to revenues of tens or hundreds of millions of dollars a year for a pharmaceutical company. Shorter clinical development preserves more of a marketed product's patent life. There are significant competitive advantages to being the earliest product entrant in a therapeutic class. Under this commercial model, speed and reductions in the risk of regulatory noncompliance are a greater priority than cost. To put it another way, the commercial aversion to the risks of avoidable clinical trial delays and regulatory noncompliance is significant given the size of the potential financial rewards that may be lost.
To ensure regulatory compliance, clinical trial protocol designs have become more ambitious and demanding. Consequently, clinical trials have more subjects and more sites per trial than previously. Between 1999 and 2005, the mean number of procedures performed on each study volunteer has increased almost 9% annually across all phases and therapeutic areas [6] . The standard operating procedure for many commercial trials involve detailed data collection, extensive auditing of all data points (key or otherwise), and close scrutiny that ensure the proffered evidence is confirmed, without necessarily achieving a corresponding improvement in patient safety or results. 4 Many argue that commercial trials often 'over-interpret' regulatory guidance and requirements, doing more than what is required and focusing on regulatory compliance instead of the scientific demands of the trial [3, 7, 15] . The cost implications of such practices are significant.
Over the last 20 years, these commercial and regulatory pressures have led to a clinical trial support industry and a proliferation of new business models. Clinical trials are increasingly intermediated by commercial contract research organizations (CROs) that recruit clinicians and patients, and manage the day-to-day operations of clinical trials. 5 CROs specialize in navigating the maze of clinical trial regulatory requirements and structures and producing trials that meet the needs of national regulatory authorities. Site management organizations (SMOs) coordinate with CROs to ensure rapid IRB approval and faster site initiation and patient recruitment. Data management organizations collect, monitor, and maintain clinical trial data and study records. These companies are increasingly part of the standard overhead for conducting clinical trials; it has become difficult to run global trials without their assistance.
These developments affect developed and developing countries alike. Developed-country regulatory models and commercial clinical practices are often imported into developing countries and adopted for clinical trials for drugs and vaccines for neglected diseases. Developing-country governments adopt the regulations and guidance of the FDA and European Medicines Agency (EMA) because they are publicly available and familiar to the commercial clinical trial sponsors that developing country governments hope to attract. Likewise, the same commercial clinical trial practices are employed broadly, including in highly cost-sensitive clinical trials in neglected diseaseendemic countries, because they are familiar, accepted practice [17] .
Challenges of clinical development of health products for neglected diseases
The challenges of clinical development are compounded in the context of neglected diseases by three additional factors: (a) the absence of research infrastructure and regulatory capacity in many neglected disease-endemic settings; (b) the particularly difficult regulatory and ethical challenges posed by neglected disease product development trials; and (c) the frequent need to conduct these trials in multiple sites and jurisdictions. This section reviews each of these factors in depth.
Lack of regulatory capacity in neglected diseaseendemic settings hinders trials and places subjects at risk
Clinical trials must be conducted where the burden of the relevant disease exists. Neglected diseases are endemic primarily in Africa, Asia, and tropical regions of the Americas, with a lower prevalence in the Middle East [18] . Accordingly, approximately two-thirds of the clinical trials for neglected diseases that initiated subject recruitment between 2003 and 2009 occurred in disease-endemic regions, with nearly a third of the total occurring in Africa ( Figure 1 ).
The geographic regions that have the highest neglected disease burden are also those with the most poorly resourced and inexperienced regulators and ethics committees. Many neglected diseaseendemic countries, particularly in Africa, have weak or no national regulatory authorities (NRAs) and little ethical review capacity [19] [20] [21] . Where NRAs do exist, they often lack sufficient legal authority to approve clinical trial protocols, authorize importation of study products, inspect sites, or terminate trials [22] . Even where the legal framework for clinical trial regulation exists, limited resources and training undermines the effectiveness of NRAs and IRBs [9] . Regulators and ethics committees often lack sufficient personnel to review clinical trial protocols and inspect sites by accepted international standards and/or in a timely fashion.
Regulatory pathways and procedures in diseaseendemic countries are frequently unclear and may change in unpredictable ways. National regulatory authorities and ethics committees have little interaction and duplicate each other's efforts; it may be difficult to determine their respective roles and responsibilities [19] . Regulatory and ethics committees have highly variable practices, particularly with respect to trial monitoring [21] . Ethics requirements are opaque and overlapping. Information on clinical trial regulatory requirements is not easily accessible to the public. Regulators' guidance may be unavailable or, when given, a moving target.
It is difficult to conduct ethical, sufficiently regulated trials in such environments. The lack of regulatory and ethics capacity undermines the safety of subjects and the validity and integrity of clinical data [23] . The inability to understand local laws hinders trial planning, delays trial initiation and patient recruitment, and may lead to regulatory non-compliance. This situation presents challenges for sponsors committed to conducting ethical and sufficiently regulated clinical trials for 5 In 1991, academic health centers' share of the clinical trials funding pie dropped from 80% in 1991 to 30% in 2002; 70% of drug companies employed CROs in their projects. CROs now represent a multi-billion dollar industry [16] .
neglected diseases [24] . The risk of regulatory noncompliance and harm to subjects exposes trial sponsors and investigators to legal liability and reputational risk, deterring private investment.
The proportion of neglected disease trials occurring in disease-endemic countries, nonetheless, increases for larger, late-stage clinical trials. This reflects the reality that the definitive studies of the safety and efficacy of therapeutics must generally be conducted in the populations and environments for which they are intended. Late-stage trials tend to involve a greater number of subjects and, often, more complex trial design and procedures. Accordingly, these trials place greater demands on local research and regulatory capacity ( Figure 2 ).
To minimize regulatory risk and uncertainty, many trial sponsors report seeking parallel trial registration with either the EMA or FDA and a preference to conduct the trial in a more developed neglected disease-endemic country such as South Africa or India. These high disease burden countries have the expertise and legal framework to conduct a more competent regulatory and ethics review, but, because of resource constraints, that review can take a disproportionately long time. Regulatory approval for trials in the US and European Union (EU) can generally be obtained within 30-60 days. In many neglected disease-endemic countries, approval can take as long as 6-24 months [25, 26] . For products that require multiple trials to establish the safety and efficacy of the product in different subject populations, subsequent clinical trial application approvals may take as long as or longer than the original. 6 Trial protocol amendment approvals that require a few weeks in developed countries can require as long as four months in these settings [27] . In many cases, steps in the regulatory and ethical approval process need to be done in sequence, rather than simultaneously and in parallel, so that more than a year can pass between finalizing a trial protocol and the completion of all governmental and institutional regulatory and ethics processes [7, 28] . Those delays not only prolong clinical trial initiation and patient recruitment, but also extend the time before new effective products may be registered.
Neglected disease trials in disease-endemic countries pose particularly difficult regulatory and ethical challenges
Clinical trials for health products for neglected diseases impose particularly difficult regulatory and ethical challenges that compound the problem of inexperienced and under-resourced NRAs and IRBs. Those challenges are at least threefold. First, the science is often difficult, imposing additional challenges for the inexperienced regulators and IRBs who must assess the scientific validity and the risk/benefit ratio of the proposed trials [29, 30] . Much remains unknown about many neglected diseases. For many of these diseases, there may be no validated surrogate marker or immunological correlate of protection [24] . Trials may require clinical endpoints that require significant time to develop, or are severe disease outcomes or mortality. The most likely scenario for many neglected disease trials is a partial success at best. Some neglected diseases require multidrug regimens to address bacterial subpopulations or prevent the development of resistance [31] . Testing drug candidates individually can add years to the development of effective combinations [32] . Testing novel drugs together can make it difficult to assign side-effects to a particular candidate drug or interaction between drugs. Development of regulatory guidelines for clinical trials of novel combination drug regimes remains a work in progress in the US and will be limited to 'dire' illnesses such as cancer, HIV/ AIDS, and tuberculosis due to the inherent uncertainty and risks around testing drugs in combination [33] . The conduct and regulation of novel combination product trials in the neglected disease-endemic environments will be a significant challenge.
Second, neglected disease trials present extreme versions of the already difficult ethical challenges of conducting clinical research in developing countries [9, 29] . Clinical trials often must be conducted with highly vulnerable clinical trial subjects in devastatingly poor settings in disease-endemic countries with little healthcare infrastructure. Wide disparities in the education, economic and social standing of investigators and subjects, and the poor quality of local health care systems may jeopardize the rights of research participants. Subjects may not always understand the investigational nature of therapeutic products and the use of a placebo. If there is an existing drug or vaccine for the disease available, as is the case with tuberculosis, the ethics and science of the trial design are greatly complicated. 7 The question of what qualifies as fully informed consent is not always simple.
The burden of neglected diseases falls disproportionately on infants and children; the subjects for clinical trials for neglected diseases are frequently pediatric ( Figure 3 ).
Pediatric trial subjects are particularly vulnerable and, thus, pose difficult ethical and operational challenges. Again, the majority of these difficult pediatric neglected disease clinical trials are occurring in Africa -the region with the least 6 One product development partnership (PDP) has shared with CGD the regulatory review times for that PDP's various vaccine trials in South Africa, India, Kenya, Sweden, and Finland. Original Clinical Trial Application (CTA) review times were 13.7 months in India, 10.2 months in Kenya, and between 5.8 and 7.3 months in South Africa versus 2.8 and 2.9 months in Sweden and Finland, respectively. Approval times in South Africa for additional trials involving a product for which the RSA Medicines Control Council had previously approved a CTA ranged from 5.1 to 9.9 months [27] . 7 For diseases like HIV/AIDS and malaria, where no current vaccine exists, the ethics trial design focuses on appropriate sample size and placebo selection [24] . In the case of tuberculosis, the inquiry is more complicated. There is an existing licensed TB vaccine -Bacille Calmette Guèrin (BCG). It is a widely used, live attenuated vaccine, but estimates of its efficacy range from 0% to 80% [34] . The vaccine has efficacy against childhood TB, but this decreases over time and revaccination does not confer protection. The development of a new and more reliably efficacious and safer vaccine is necessary to control the global spread of tuberculosis. There have been questions whether new TB vaccines can be safely and effectively used in populations already immunized with the BCG vaccine [24, 35] . regulatory capacity and expertise to oversee them ( Figure 4 ). 8 Third, most of the products in development to treat neglected diseases -76% -are vaccines [36] . Vaccines trials impose additional regulatory and ethical challenges to clinical development. These trials must usually be conducted with healthy people, often children. The products are frequently scientifically complex, requiring determinations of host/pathogen interaction and immune response. Vaccines also introduce particular logistical challenges (for example, the need for refrigeration) and require infrastructure for their storage and administration. To demonstrate a sufficient immune response, the trials must frequently be large -involving tens of thousands of clinical trial subjects. 9 The personal benefit to the clinical trial subjects may be limited and provisional, with the greater benefit of the product accruing to the community. PDPs report much longer delays in regulatory and ethics approvals of trials for vaccines than drug products in disease-endemic countries.
Many clinical trials for products for neglected diseases are multi-center and often multi-country
The regulatory problems presented by the clinical development of neglected disease products in disease-endemic countries are compounded by the need to conduct many of these trials at multiple sites in multiple jurisdictions. Close to half of the biopharmaceutical and vaccine trials for neglected diseases registered between 2003 and 2009 involved two or more trial sites and nearly one-third had sites in multiple countries. 10 The majority of multicountry product development trials for neglected diseases had all their sites within a single geographic region. 11 These findings about clinical trials for neglected diseases differ from the general trend in global clinical trial activity in two respects. First, a much smaller proportion of clinical trials overall had sites in more than one country (14%). This result suggests that clinical trial sponsors avoid conducting clinical trials in multiple countries, perhaps due to the need to coordinate multiple government and regulatory authorities and to pay additional fees and import duties. In contrast, the greater use of sites in more than one country in neglected disease trials most likely reflects either the limited site capacity in disease-endemic countries (requiring sites in other countries) and/or the need to test the candidate product in settings where different epidemiological, service delivery, and socioeconomic conditions or strains of the disease exist.
Second the overwhelming majority (83%) of multi-country clinical trials overall involved sites in multiple geographic regions. 12 This suggests that, as a general matter, once a sponsor decides to run a trial with sites in more than one country, that sponsor chooses sites in countries with the most research capacity, favorable regulatory system, and/or patient recruitment potential. In contrast, the regional concentration of the sites in multi-country product development neglected disease clinical trials 9 Accordingly, the clinical development of vaccines is also more expensive than drugs. For instance, a novel TB drug is estimated to cost at $115-$240 million, including cost of failure, but vaccine development from research and discovery through to product registration is estimated at $200-$500 million, including cost of failure [37] . 10 Our analysis of Clinicaltrials.gov data reveals that 272 of the 902 biopharmaceutical and vaccine trials for neglected diseases between 2003 and 2009 were multi-country trials. 11 Our analysis of Clinicaltrials.gov data indicates that 112 neglected disease trials were multi-region as well as multicountry. Our analysis of these multi-region trials has not broken down these trials by product type. Accordingly, all we can determine is that at least 155 of the 272 of multi-country neglected disease product development trials occur within a single region. The proportion may be higher. 12 Our analysis of Clinicaltrials.gov data indicates that 8026 out of the universe of 66,169 registered trials initiating subject recruitment between 2003 and 2009 were trials involving sites in two or more countries. Of these 7110 multicountry trials, 5,888 had sites in two or more geographic regions (Asia, Africa, Western Europe, etc.).
suggests that the choice of those sites is driven by presence of the disease burden rather than the regulatory or research qualities of the host country. Whatever the motivation, the need to navigate regulatory and ethics requirements in multiple jurisdictions adds delays, costs, and uncertainty to the already time-consuming, costly, and risky clinical development process [7] . Multiple regulators and IRBs reviewing the same protocols and consent forms waste scarce in-country regulatory capacity and resources [8] . Regulatory authorities and IRBs in different disease-endemic countries often impose different or inconsistent requirements or review timelines [38, 39] . Those inconsistent requirements necessitate multiple trial protocol submissions, resulting in divergent regulatory decisions and requests, which delay trial initiation [40] . These regulatory differences frequently extend to adverse event reporting and other compliance requirements, increasing trial costs. The resulting regulatory cacophony affords no obvious benefit, in most cases, to scientific rigor, quality, or protection of trial subjects.
A sustainable strategy for bringing clinical trial costs, risks, and finances into better balance
Two substantial bottlenecks threaten clinical development of neglected disease products. First, the research and regulatory capacity in many neglected disease-endemic settings is not adequate to support the clinical trials that need to occur there in order to complete the development of these products. Second, even with expected attrition in the pipeline, current levels of financing are insufficient to support the clinical development of these products under current cost assumptions.
Part of the answer must be more funding for trials and the training programs, infrastructure, and sites in neglected disease-endemic settings necessary to run them pursuant to good clinical and laboratory practice standards. World Health Organization (WHO) technical assistance programs, such as the Special Program on Tropical Disease Research, and regional and disease-specific research and clinical trial capacity building efforts, such as the European and Developing Countries Clinical Trials Partnership and Malaria Clinical Trials Alliance, deserve further support.
Addressing these twin challenges of high costs and limited regulatory and research capacity, however, also requires new approaches. Global health budgets are tightening and new donor funding is scarce. Donor and sponsor insistence on approximating rich-country clinical development models under difficult poor-country conditions will only lead to a consequent escalation of delays, complications, and costs. A country-by-country approach to research and regulatory capacity building is not feasible.
The development of clinical trial practices and the creation of a regulatory environment that is more friendly to the conduct of clinical trials would result in multiple winners: trial subjects and patients, global health interests, the multinational pharmaceutical industry, and developing country governments interested in building regulatory capacity and infrastructure. More efficient clinical trial practices and defined and streamlined regulatory practices would improve the commercial viability of neglected disease product development projects, and encourage private investment in clinical research capacity in disease-endemic countries. This section describes two potential complementary approaches -sensible guidelines for neglected disease clinical trials and regional regulatory streamlining -for reducing unnecessary costs, risk, and delays in clinical trials for health products for neglected diseases without sacrificing scientific rigor, quality assurance, and the protection of trial subjects.
Sensible guidelines for clinical trials for products for neglected diseases in disease-endemic countries
Clinical trial sponsors and investigators may be in the best position, in the near term, to reduce clinical trials costs and delays for products for neglected diseases. Several promising initiatives are assessing large, multi-center clinical trials to evaluate how they may be modified to reduce their cost without sacrificing scientific rigor, quality assurance, or the protection of trial subjects and patients.
In 2007, clinical trial research groups from McMaster, Duke, and Oxford Universities initiated the Sensible Guidelines for the Conduct of Clinical Trials Project [41] . The project advocates strategies for the simple trial design of large trialswidely applicable and as close to normal clinical practice as possible -in order to reduce costs and improve patient accrual [7] . The project has released a series of papers and hosted conferences devoted to developing, inter alia, rational and riskbased approaches to documenting and evaluating safety and data monitoring [3, 7, 15, 25, [42] [43] [44] . Also in 2007, the FDA's Office of Critical Path Programs and Duke University launched a public-private partnership, the Clinical Trials Transformation Initiative (CTTI), to research and develop practices that, through broad adoption, would increase the efficiency and quality of clinical trials. 13 The initial efforts of CTTI will focus on two projects: (1) improving the system for reporting serious adverse events to clinical investigators and (2) ways of improving clinical trial monitoring to eliminate those practices that do not ensure the reliability of data and trial participant protection.
This research is important and useful, but focuses on the demands of clinical trials in cardiovascular disease, cancer, and other conditions seen mainly in the industrialized world. It may not be necessarily applicable to clinical trials for vaccines or drugs for neglected diseases, given trial sites, health care systems, regulatory environments with limited capacity, and highly vulnerable and pediatric subjects.
For instance, several proposals advocate the use of selective site visits combined with centralized monitoring and statistical sampling techniques to reduce expensive on-site auditing and data monitoring [3, 8, 14, 42] . The strategy is potentially consistent with ICH-GCP. 14 It could allow more targeted use of monitoring resources to provide training at sites, improve adherence to protocol and procedures, and verify adequacy of site resources [42] . Reducing the heavy monitoring burdens at sites might also allow sponsors to move from a payment per subject model of clinical trial practice to a more centralized model in which trial sites are paid only for the costs of the hosting center. One study modeled a large scale pharmaceutical industry phase III trial and determined that this strategy would result in a 21% cost reduction, which would increase to a 35% cost reduction when combined with moving to electronic data capture rather than paper case report forms [3] . This is an exciting result, but more analysis and research is required to determine the applicability of strategies like centralized monitoring, statistical sampling, and electronic data capture to resource-poor neglected diseaseendemic settings with minimal local regulatory oversight.
The Center for Global Development (CGD) has recently launched a Clinical Trials and Regulatory Pathways for Neglected Diseases Working Group, which will work with experts from academic centers, local NRAs and IRBs, industry, and PDPs to adapt emerging research on efficient late-stage clinical trial practices to the needs of the neglected disease product pipeline and the challenges of the regulatory pathways for these products [47] . 13 Currently, over 50 organizations comprise CTTI, including U.S. government and international agencies, industry representatives (pharmaceutical, biotech, device, and clinical research organizations), patient and consumer representatives, professional societies, investigator groups, academic institutions, and other interested parties [45] . 14 ICH-GCP guidelines favor on-site monitoring, but permit centralized monitoring. A combination of the two monitoring practices is entirely consistent with ICH-GCP requirements [46] .
Regional regulatory pathways for the clinical development of health products for neglected diseases
A single, regional pathway with integrated regulatory and ethics reviews for clinical trials would have significant potential benefits for participating neglected disease-endemic countries. First, it would improve the quality of clinical trial regulation and the protection of the clinical trial subjects in participating disease-endemic countries by pooling their scarce regulatory resources and increasing regulator-to-regulator and regulator-to-IRB interaction. This regional pathway would also provide a platform for foundations, NGOs, governments, and intergovernmental entities seeking to support clinical trial regulatory capacity building in diseaseendemic regions and developing countries, but without the resources to duplicate those investments on a country-by-country basis [48] .
Second, a regional, integrated pathway for regulation of clinical trials would help reduce inconsistency in regulatory and ethics requirements and their interpretation, as well as limit the number of regulatory and ethics review and compliance obligations. In doing so, such a pathway would expedite trial initiation and reduce the cost and uncertainty of conducting clinical trials in participating neglected disease-endemic countries.
Third, reductions in the cost, duration, and risks of conducting clinical trials in disease-endemic countries would improve the use of scarce existing resources for neglected disease product clinical development, reduce barriers to private sector investment, and expedite patients' access to treatments [17, 49] . Given the scale of funding required for clinical development, modest improvements in efficiency could yield substantial savings that may be used to develop other products for neglected diseases [50] .
Finally, better protection for subjects and a more cost-and time-efficient regional regulatory approach with more certain review timelines and procedures would help attract private clinical trial activity to neglected disease-endemic regions and investment in local and regional research capacity [51, 52] . There is substantial and growing commercial interest in conducting biopharmaceutical clinical trials in developing countries to reduce the spiraling costs of clinical trials and improve the speed of patient recruitment [53] . Clinical trial activity is an important and growing source of foreign direct investment for many developing countries [54] . There are potential spillover benefits as well: diffusion of medical knowledge and effective medical practice; increased resources and training for hospitals, medical schools, and regional research centers; long-term development of domestic life sciences industries; and greater patient access to high-quality medical care [9, 53] . Accordingly, a regional regulatory pathway would help promote development of local innovative industry capacity.
Regional regulatory cooperation is not without its challenges. Countries value their sovereignty in regulatory affairs and the independence and local accountability of their regulatory authorities. Regional regulatory cooperation requires a supporting infrastructure -agreements and coordination mechanisms -to direct activities and support the exchange of confidential information, applications, and inspection reports. Generating multi-state regulatory architecture is already challenging; it may be doubly difficult for countries that may not have such regulatory infrastructure and legal frameworks domestically.
That said, there are several useful and successful precedents for such regional regulatory pathways involving both developed and developing countries.
The EMA centralized procedure
The EMA centralized procedure provides a single application, single evaluation, and a single review process allowing direct access to all national markets of the EU [55] . It is an intriguing model for several reasons. First, the principal motivation for establishing the centralized procedure was not regulatory harmonization, but rather the pooling of regional regulatory expertise on a difficult regulatory problem. European Community (EC) NRAs lacked expertise in the novel techniques needed to assess biotechnology products [56] . The centralized procedure enabled these regulators to work together on biotechnology product registration applications with the intention of achieving a common decision [57] . 15 These circumstances bear similarities with the situation in many neglected disease-endemic countries around the difficult issues presented by many development trials for neglected disease products.
Second, the centralized procedure did not require the harmonization or dissolution of participating national regulatory authorities, which is often a sensitive issue of national sovereignty and employment [58] . However, for many of these products, the member states agreed on identical product information documents, which later became obligatory.
Third, the centralized procedure evolved relatively quickly. International and regional regulatory harmonization efforts are notoriously complex, expensive, and arduous [59] . The EC had been working on pharmaceutical registration harmonization since 1975, but its efforts were focused on developing a mutual recognition procedure. 16 The EC created the forerunner to the centralized procedure to address the biotechnology problem in 1987 and formalized it 6 years later. It was the first EU drug regulatory procedure in which no member state had issued an approval of a product before the procedure started [58] .
Fourth, the centralized procedure has been scalable. It was initially mandatory for a small, defined list of biotechnology and high-technology products and optional for all nonbiotechnological drugs considered potentially innovative. Over the years, this mandatory list has been expanded to include medicines for HIV/AIDS, cancer, diabetes, neurodegenerative diseases, all designated orphan medicines, and all veterinary medicines intended for use as performance enhancers.
Finally, the centralized procedure has been enormously successful. Within its first year of formal operation, two-thirds of the centralized applications that industry filed were done so voluntarily [56] . The procedure effectively integrated the drug approval process for newer therapies that might have otherwise proved controversial across EU markets [56] . The U.S. Government Accountability Office estimates that the centralized procedure saved an estimated 40% of the cost and, more importantly, greatly reduced approval times over obtaining separate marketing authorizations in, at that time, 15 EU member states [56] .
African Vaccine Regulatory Forum
The WHO has supported the creation of the African Vaccine Regulatory Forum (AVAREF), a network of 19 countries that the WHO identified as likely settings for clinical trials of priority vaccines. One of the activities of AVAREF is an ad hoc joint regulatory and ethics review process for vaccine clinical trials in Africa [61] . Working with trial sponsors, the WHO facilitated joint reviews by African NRAs and ethics committees of trial protocols in conjugate meningitis A and malaria vaccine clinical trials and joint inspections of the sites involved. The purpose of the AVAREF initiative was to address the lack of technical expertise and capacity in the underlying countries. The results of its joint review have not been binding. Nonetheless, the process has been widely viewed as successful, improving the capacity and coordination of participating NRAs and ethics committees and encouraging the use of defined review timelines and common documentation [61] .
The WHO has similar plans to conduct joint evaluation of clinical trial applications in Asia. The procedure would follow the format used in AVAREF, including both IRBs and NRAs, a single format for the applications, and a joint report that participating countries would use as the basis for their independent regulatory decision.
The Integrated Research Application System in the United Kingdom
The Integrated Research Application System (IRAS), launched in 2008 in the UK, also provides a promising model of a centralized, integrated clinical trial regulatory and ethics review pathway. IRAS provides a single, integrated application point for regulatory and ethics review of multi-site and single site clinical trials in the UK; only issues of local ethical concern are assessed by local IRBs. The system reduces bureaucratic burden, particularly for multi-site studies. It helps eliminate duplication; study wide checks are performed only once. The system also improves national ethics review consistency and creates a single, secure online database and document repository.
Borrowing heavily from these examples, an illustration of a potential model for a regional, integrated regulatory pathway is represented below.
The pathway depicted in Figure 5 is a centralized procedure/joint review model in which participating NRAs and IRBs would jointly review clinical trial applications and perform inspections of trial sites.
The benefits of this approach are threefold. First, it does not require eliminating the underlying NRAs or harmonizing national regulatory requirements. Second, a centralized procedure/joint review model promotes the buy-in, capacity building, and regional integration of participating countries by requiring their collective effort to review applications and perform site inspections. Third, the integrated nature of the review promotes 16 The mutual recognition process did not initially require participating states to accept as authoritative the product review conducted by other member state agencies and, consequently, each country continued to perform their own product review before coming to a decision regarding product approval. This duplication of effort among the different national regulatory authorities undermined the success of the process [60] . In the model depicted in Figure 5 , the review of clinical trial applications would be performed by an expert committee comprised of representatives of the participating country NRAs and IRBs with assistance, as needed, from outside experts from the FDA, EMA, or other qualified regulatory authorities [62] . The application would include the investigator's brochure, a signed protocol and amendments (if any), written information given to the trial subject (including the consent form), the safety dossier, sample case and trial monitoring reports, certifications and information concerning the investigational product, resumes and evidence regarding the qualification of the investigators, information on the financial aspects of the trial, and the relevant agreements between the involved parties (investigator, sponsor, and CROs (if involved)).
A proposal for a regional integrated regulatory pathway for clinical trials
The expert committee would conduct a scientific review of the application and issue its opinion to the joint review committee and regional IRB. If the opinion is positive, the joint review committee members and IRBs would have a defined period of time to complete their review of the submission, conduct a site inspection, and authorize or deny the trial and importation and release of the study product. In this model, the regulatory and ethics determinations would occur in parallel and simultaneously. The ethics review would be conducted by a regional IRB, leaving only issues of local relevance to national and local IRBs.
For qualifying applications, participating NRAs and IRBs would use a common set of regulatory and ethics requirements and protocol and safety monitoring report formats. Reviews would be completed pursuant to public, defined regulatory and ethics review timelines. 17 The pooling of regional regulatory resources should allow the setting of more ambitious timeframes than would otherwise be possible on a national basis.
At least initially, the process would be mandatory for only one category of products: vaccines for neglected diseases. Our analysis of the trials registered on Clinicaltrials.gov suggests there is a strong regional orientation to product development trials for neglected diseases. The bulk of the products in development for neglected diseases are vaccines. These products present particularly difficult regulatory and ethics challenges to NRAs and IRBs, which would benefit from the pooled regulatory resources of this regional pathway. Like the centralized procedure, this regulatory pathway could be expanded over time to include other products.
Neglected disease-endemic countries' participation in this regional regulatory review process should be voluntary and its results, at least initially, non-binding. As the benefits of the model are demonstrated to its participants, the process should become more formal and binding. Long-term, successful intergovernmental regulatory cooperation requires a binding legal framework. 18 Research conducted in disease-endemic countries should contribute to research capacity development and the strengthening of the regulatory and ethics systems in the countries concerned. A streamlined, regional regulatory pathway with more certain regulatory timelines would hold material value for pharmaceutical firms and their investors, which could be harnessed to generate private-sector funding or cross-subsidies for that pathway or development of products for neglected diseases. One possible approach is that commercial clinical product development projects could be permitted to use the centralized regulatory pathway in exchange for a fee or other contribution. 19 Use of that pathway for clinical development of global health products could be free or heavily discounted. Another possibility would be that CROs could register with the regulatory pathway to provide heavily discounted or free services to neglected disease product development projects in exchange for using the streamlined central 17 Participating NRAs, manufacturers, and trial sponsors seeking to use the regional regulatory pathway would need to enter into the necessary confidentiality agreements to allow sharing of proprietary information between national regulatory authorities [61] . 18 A binding multilateral regulatory cooperation agreement could be used in this case to create the centralized procedure/joint review contemplated here. Under this model, the joint review process would function like an arbitration clause or optional protocol of an international treaty. Signatory states enter into the treaty voluntarily and, in doing so, commit to abide by the results of future dispute settlement arising from the treaty, pursuant to its terms. Here, the parties would enter into a binding multilateral regulatory cooperation agreement and agree to abide the results of the joint review process. Failure to abide with provision, after appeal procedure, could lead to the state's expulsion from participation in the regional regulatory pathway, rather than financial penalties [58] . 19 The use of review fees, in exchange for more certain review timelines, was used to improve regulatory capacity in the US. The Prescription Drug User Fee Act (PDUFA) was enacted in 1992 and renewed in 1997 (PDUFA II), 2002 (PDUFA III), and 2007 (PDUFA IV). Under sections 735 and 736 of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § § 379g and 379h) FDA has the authority to assess and collect user fees for certain drug and biologics license applications that are submitted to the agency for review. FDA sets these fees on a yearly basis. regulatory pathway for their full-fare private clinical development projects. Fees and the increased commercial clinical trial activity that result from a more certain, expedited regional regulatory pathway would help induce country participation in the regional regulatory pathway.
The regional regulatory pathway could evolve from existing regional regulatory networks (e.g., AVAREF), link to regional, intergovernmental economic or public health organizations (e.g., the Southern African Development Community (SADC), Pan American Health Organization (PAHO), or the Association of Southeast Asian Nations (ASEAN)), or pooled procurement initiatives. The creation of a new free-standing institution to manage this regional regulatory pathway would not be necessary. This pathway would also complement and build upon ICH and regional regulatory harmonization efforts and regional research and clinical trial capacity building programs.
Generating a design for this proposed pathway would require an evidence-based approach and design to attract the strong support of its prospective constituents. The recently launched CGD Working Group on Clinical Trials and Regulatory Pathways for Neglected Diseases will undertake that task, including developing the legal and institutional frameworks for the regulatory pathway; assessing possible links to existing regional regulatory networks or regional, intergovernmental economic or public health organizations; and determining the technical support and transition costs -in time and money -required to move to a regional regulatory pathway [47] .
Moving toward solutions
An estimated one billion people, including 400 million children, suffer from one or more of neglected diseases. Many of these diseases exact a large and lethal toll, with tuberculosis and malaria alone killing an estimated 2.6 million people annually [63, 64] . Other neglected diseases are less deadly, but disable, deform, and increase their sufferers' vulnerability to other infectious diseases like HIV/ AIDS. These diseases adversely affect pregnancies and child development, undermine worker productivity, and perpetuate the cycle of poverty, insecurity, and infirmity in the communities in which they are endemic [65] . In sum, neglected diseases rob the world's poorest communities of their hope for a better future.
There is hope, however. The pipeline of health products to treat, prevent, or diagnose neglected diseases is fuller than it has been for many years. The challenges of achieving that potential are manifold and significant. Late stage clinical development of these candidate products will be slow and expensive, perhaps prohibitively so. Trials must be conducted with highly vulnerable subjects in environments with limited research and regulatory capacity and, often, across multiple jurisdictions with conflicting rules, standards, and procedures. Increased funding for late stage clinical trials is certainly needed, but there must also be greater attention paid to how these trials and their regulatory pathways can be improved to reduce unnecessary costs, delays, and risks to subjects. This paper describes a two-pronged strategy that would help achieve these goals and have compound benefits. Regulatory capacity building and streamlining would encourage donor and private investment in addressing diseases of the poor. Regional, sustainable approaches to clinical trial research and regulation in disease-endemic countries would better engage and equip local regulators and ethics committees to support the development of health products for neglected diseases and protect subjects. More favorable regulatory environments in developing countries may encourage indigenous innovation in health technologies to meet local needs. Finally, a regional approach would help pool and improve developing countries' clinical trial regulation at a time when FDA, EMA, and other developed country regulators do not have the resources or legal authority to address the exponential growth in trials conducted overseas [48] .
